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A B S T R A C T
Inpatient long-term video-EEG monitoring (LTM) is an important diagnostic tool for patients with
seizures and other paroxysmal behavioural events. The main referral categories are diagnosis (epileptic
versus non-epileptic disorder), seizure classiﬁcation and presurgical evaluation. The diagnostic
usefulness of the LTM varies considerably (19–75%) depending on how this was deﬁned and on the
selection of the patients. The purpose of this study was to assess the diagnostic usefulness and the
necessary duration of the LTM for the referral groups, in patients extensively investigated before the
monitoring. An LTM was considered diagnostically useful when it provided previously not reported,
clinically relevant information on the paroxysmal event. For the presurgical group, reaching a decision
concerning surgery was an additional requirement.
We reviewed data from 234 consecutive LTM-sessions (221 patients) over a 2-year period. In 44% of
the cases the LTMwas diagnostically useful. There were no signiﬁcant differences concerning diagnostic
usefulness among the main referral groups: diagnostic (41%), classiﬁcation (41%) and presurgical (55%).
Diagnostic usefulness did not differ among the age groups either. The duration of the successful LTM-
sessions was signiﬁcantly longer in the presurgical group (mean: 3.5 days) than in the diagnostic and
classiﬁcation groups (2.4 and 2.3 days, respectively). We conclude that LTM is a valuable diagnostic tool
even in patients extensively investigated before the monitoring, and is equally effective in the referral
and age groups. However, patients referred for presurgical evaluation need considerably longer LTM, and
this should be taken into account when planning the resources and calculating the costs.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Continuous, inpatient, long-term video-EEG monitoring (LTM)
is a widely used diagnostic tool for seizures and other paroxysmal
behavioural events.1–3 The main referral categories are diagnosis
(i.e. epileptic versus non-epileptic disorders), seizure classiﬁcation
and presurgical evaluation.4,5 However, LTM is expensive: it
requires sophisticated technical equipment and a large staff of
specially trained personnel.
The reportedusefulness (ordiagnostic yield) varies considerably:
19–75%.5–12 This is largely due to the differences in how diagnostic
usefulness was deﬁned and how the patients were selected and
referred. An LTM-session was generally considered to be useful if it
had altered the diagnosis and/or therapy, or if it had answered the
question askedby the referring physician. These outcome-measures
depend also on clinical decisions made before or after the
monitoring. In other words they are biased by aspects not directly* Corresponding author. Tel.: +45 58271191; fax: +45 58271188.
E-mail addresses: jag@ﬁladelﬁa.dk (J. Alving), sbz@ﬁladelﬁa.dk (S. Beniczky).
1059-1311/$ – see front matter  2009 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2009.04.005related to the LTM. In previous studies the exquisite diagnostic
contribution of a LTM-session, i.e. to provide electroclinical data
about the ictal event was not considered a necessary criterion for a
successful monitoring: LTM-sessions with only interictal EEG
abnormalities were considered successful too.5–12 However the
sensitivity of EEG for interictal abnormalities can also be increased
up to 92% by less expensive methods: repeated standard EEGs,13
sleep-deprived EEG14 and short-term video-EEG monitoring.15
Moreover, video-recordings (i.e. without EEG) of the seizures on
the wards can also provide valuable diagnostic information,16,17
decreasing the number of patients who need LTM.
Taking these aspects into account we assessed the diagnostic
utility of the LTM in a patient population extensively investigated
before the monitoring. LTM-sessions were considered diagnosti-
cally useful when they provided previously not reported, clinically
relevant electroclinical information on the seizure/paroxysmal
behavioural event. For the presurgical group the additional
requirement was that based on LTM a deﬁnitive decision on
surgery had to be achieved (i.e. operate or do not operate). We
compared the diagnostic usefulness of the LTM among the main
referral categories, and among age groups. Because the costs arevier Ltd. All rights reserved.
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among the main referral groups.
2. Methods
Data from 234 consecutive admissions, over a 2-year period
(January 2006 through December 2007), to an inpatient epilepsy
monitoring unit (EMU) in a tertiary epilepsy centre were retro-
spectively reviewed.
The Danish Epilepsy Centre is the only tertiary referral centre of
its kind in Denmark (population 5.5 million) and together with the
Copenhagen University Hospital it forms the national centre for
epilepsy surgery. It has 69 short-stay beds, about 700 new epilepsy
referrals and in total about 4000 out-patient visits annually.
Besides the epilepsy service, the centre also runs a Sleep Disorder
Clinic, where about 130 patients with potentially complex sleep
disorders are seen annually.
Themain LTM referral groups comprised: diagnostic evaluation
(i.e. epileptic versus non-epileptic disorder), seizure classiﬁcation
and presurgical evaluation, including patients to be implanted
with vagus nerve stimulator (VNS). The remainder of the referrals
comprised sleep disorders and monitoring of seizure frequency.
Prior to admission to the EMU, all patients (except for those
referred for sleep disorders) were extensively investigated during
an inpatient setting (of three weeks duration on the average).
During the admission they were observed for seizures/paroxysmal
behavioural events, including 24-h video-surveillance.18 These
recordings were stored in a database, and evaluated by epileptol-
ogists. Before the LTM-session patients had repeated standard
EEGs, including sleep recordings (in adults following sleep
deprivation, in children following administration of melatonin).
These recordings lasted 30–60 min and included standard
provocation techniques (hyperventilation and intermittent photic
stimulation). Patients with frequent daily seizures also had short-
term video-EEG recordings (up to 4 h) during the work-up. This
extensive investigation very often proved to be diagnostically
efﬁcient.19 After the admission preceding the monitoring, the
collected data were carefully pondered and selection for admission
to the LTM was done during the joint conferences between
epileptologists and clinical neurophysiologists. For the diagnostic
and classiﬁcation cases, where the inpatient pre-EMU investiga-
tion provided sufﬁcient clinical information, the LTM was not
performed. However, all patients considered candidates to the
epilepsy surgery were admitted to the EMU, as this forms part of
our epilepsy surgery programme.
Our epilepsy monitoring unit has four separate bedrooms
together with a large living-room including a kitchen and dinette.
This arrangement provides a combination of social life and privacy.
Four nervus (Taugareining/Nicolet) EEG recording machines
with 64-channel cable telemetry and facilities for polygraphic
recordings (incl. EMG, respiration, oximetry, air-ﬂow, etc.) are
used for monitoring. In daytime and evening hours (7 a.m. to
11.30 p.m.) EEG technicians continuously monitor the patients
and the EEG, and during night-time all patients are continuously
observed by our 10-screen Central SurveillanceUnit, and a trained
nurse in the EMU. Children are always admitted together with the
parents or care-takers. Besides the EEG technicians, nurses are
always present in order to examine the patients during seizures
and to provide emergency drug and life-supporting treatment, if
necessary.
The EEG is evaluated by visual inspection. Video-EEG recordings
of clinical events and relevant portions of the interictal EEG
sections are edited and stored on a day-to-day basis. The night-
time recordings are overviewed the following morning by either
the EEG technicians or the clinical neurophysiologists. All the
suspected paroxysmal episodes were reviewed by board-certiﬁedclinical neurophysiologists. Automatic detection of seizures or
spikes is not used.
For the diagnostic and classiﬁcation referral groups we
considered an LTM-session ‘‘diagnostically useful’’ when the
following criteria were fulﬁlled: at least one ictal episode that
matched the patients’ habitual events but which had not been
sufﬁciently documented during previous investigations (short-
term video-EEG monitoring or clinical observation/video-record-
ing). The outcome of the monitoring sessions in these two referral
groups was assessed by the board-certiﬁed neurologists and
clinical neurophysiologists who followed the patient.
For the presurgical group themonitoring was considered useful
if it provided EEG and clinical data necessary to reach a deﬁnitive
decision, about surgery (i.e. operate or do not operate). This was a
consensus decision taken by the national multidisciplinary task
force for epilepsy surgery, consisting of neurologists (epileptolo-
gists), clinical neurophysiologists, neuropsychologists, neurora-
diologists and neurosurgeons. A consensus decisionwas ﬁrst taken
at the end of the non-invasive phase of the presurgical investiga-
tion, which included evaluation of the patient history, clinical
examination, routine EEGs,MRI, neuropsychological investigations
and the electroclinical data from the LTM. The patients had to be
admitted for LTM before they were discussed at the multi-
disciplinary meetings. One of the necessary criteria for a deﬁnitive
decision was that at least three seizures had to be documented
during the LTM. If a deﬁnitive decision could not be taken at that
point, further investigations were discussed and suggested
(including implantation of intracranial electrodes).
Durations of the diagnostically useful monitoring sessions were
compared among the referral groups. If a patient was admitted
several times to the EMUwith the same type (category) of referral,
the durations of the admissions were summated.
Statistics: The diagnostic usefulness of the LTM was compared
between the groups of patients using 2-tailed Fisher exact test. The
distribution of the duration of the LTM-sessions was assessed with
Shapiro–Wilks test, and then compared between the groups of
patients using 2-tailed t-test.
3. Results
Totally 234 consecutive LTM-sessions in 221 patients (97 were
males, and 137 females) were performed in the reviewed time
period. Nine patients needed 2 sessions, and two patients had 3
sessions. The mean age of the patients was 30 years (median: 28.5
years, range = 0.6–80 years).
Medication was tapered/stopped in 45 cases, and unchanged in
134. In 55 cases the patients were not treated with AEDs.
The largest referral group was the diagnostic one (epileptic
versus non-epileptic seizure) with 124 referrals (53%). Forty-one
referrals (17%)were for seizure classiﬁcation and 55 referrals (24%)
concerned presurgical evaluation. The rest of the patients (14 = 6%)
were referred on the suspicion of sleep disorders or for monitoring
of seizure frequency.
In 195 sessions (83%) a seizure or paroxysmal behavioural event
was recorded. The outcome of the LTM (and diagnoses established
following the monitoring) is summarised in Table 1. For the
epileptic patients the seizure-types are shown in Table 2. Out of the
94 patients with epilepsy, 70 had one seizure-type, 22 patients had
two seizure-types, and 2 patients had three seizure-types. Fifty-
eight patients (25%) had clinical events of uncertain signiﬁcance
(i.e. could not be determined with certainty if epileptic or not). The
types of clinical events in this subgroup are also detailed in Table 2.
There were no major complications (e.g. status epilepticus)
during the 234 LTM-sessions.
The LTM was considered diagnostically useful in 103 cases
(44%). Table 3 shows the diagnostic usefulness in the referral
Table 1
Outcome of the LTM: the number of LTM recordings for the diagnostic groups is
given.
Diagnoses Number of recordings
Epilepsy Localization-related 68
Generalised 18
Undetermined whether
focal or generalised
8
Total 94 (40%)
Sleep disorders PLMS 7
RBD 1
Other parasomnias 17
Normal sleep phenomena 2
Total 27 (11%)
PNES Only PNES 14
PNES and epilepsy 2
Total 16 (7%)
Undetermined Events of uncertain signiﬁcance 58 (25%)
No clinical events during LTM 39 (17%)
Total 97 (42%)
Table 2
Classiﬁcation of the seizures of the epileptic patients, and the list of events of
uncertain signiﬁcance (these could not be included with certainty in either the
epileptic, or the PNES group). Some of the patients had more than one seizure-type.
Seizure-type Number of
patients
Epileptic ictal events Simple partial seizures 15
Complex partial seizures 45
Partial seizures evolving to
secondary generalisation
17
Absence seizures 8
Myoclonic seizures 9
Clonic seizures 1
Tonic seizures 7
Tonic-clonic seizures 3
Atonic/astatic seizures 4
Epileptic spasm 4
Unclassiﬁed epileptic seizures 9
Clinical events of
uncertain signiﬁcance
Motor phenomena 29
Subjective experiences 17
Lapse of consciousness 6
Disturbance of behaviour 1
Syncope 1
Table 4
The diagnostic usefulness of the LTM in the age groups.
Age group Diagnostically
useful session
Total sessions Percent of useful
sessions
0–5 10 21 48%
6–10 14 25 56%
11–20 21 42 50%
21–40 28 69 41%
41–60 22 62 35%
>60 8 15 53%
All groups 103 234 44%
Fig. 1. Distribution of the duration necessary for a successful LTM in the referral
groups (box and whisker plot).
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classiﬁcation group was identical. It was higher in the presurgical
group compared to the diagnostic and classiﬁcation groups.
However this difference was not statistically signiﬁcant (p = 0.08).
In the presurgical referral group 30 out of the 55 LTM-sessions
lead to a deﬁnite decision concerning surgery. In 11 cases (37%) a
resective surgery was indicated (9 temporal and 2 extratemporal).
In 9 cases (30%) implantation of VNSwas decided. In 10 cases (33%)
the decision was not to operate.
The diagnostic usefulness of the LTM in the age groups is shown
in Table 4. We did not ﬁnd signiﬁcant difference in the diagnostic
usefulness of the LTM among the age groups (p > 0.1).Table 3
The diagnostic usefulness of the LTM in the main referral groups.
Referral groups Diagnostically useful sessions
(number of sessions)
Total
sessions
Percent of
useful sessions
Diagnostic 51 124 41%
Classiﬁcation 17 41 41%
Presurgical 30 55 55%
Other 5 14 36%
All referrals 103 234 44%The duration of the LTM necessary to obtain a useful result was
very similar in the diagnostic and classiﬁcation groups (mean: 2.4
and 2.3 days, respectively), but was signiﬁcantly longer in the
presurgical group (mean: 3.5 days) then in the diagnostic and
classiﬁcation groups (p = 0.003) (Fig. 1).
4. Discussion
LTM is the best diagnostic tool for patients with seizures or
paroxysmal behavioural events. However it is a limited resource
and therefore requires careful patient selection. The previous
publications on the usefulness of LTM only give few details about
the extent of the work-up preceding the LTM-session. Where
speciﬁed, this work-up was not extensive: patients were not
investigated by the centre performing the LTM20 or they were
screened during one out-patient consultation and only one routine
EEG recording was performed before the LTM.2 In our centre we
have the policy of a thorough selection of all patients before the
LTM-session: we admit the patients to our centre and perform an
extensive work-up, including video-recordings of the seizures on
the ward, repeated EEGs (also sleep recordings), and (in patients
with daily seizures) short-term video-EEG monitoring. This
approach proved to be highly effective for the selection of the
patients: we could prove that 39% of the children and 37% of adults
referred to our centre did not have epilepsy.19,21
In 83% of the LTM-sessions an ictal event was recorded.
However in 17% these were also documented during the pre-LTM
work-up (and LTM only conﬁrmed this). In 22% no deﬁnitive,
clinically relevant conclusion/decision could be achieved. There-
fore, according to our deﬁnition, the LTMwas found to be useful in
44% of the cases.
In the literature, the diagnostic usefulness of the LTM varies
considerably (19–75%) depending on the deﬁnition-criteria and
the patient selection.5–12 To assess the amount of patients for
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achieved by LTM, we deﬁned the diagnostic usefulness in such a
way, that it excluded those cases in which this could be achieved
by other methods, during the pre-LTM work-up.
In the presurgical group, the aim of the LTM allows a clear-cut
criterion for a successful LTM: a deﬁnitive decision on surgery. This
goal was achieved in 55% of our patients. This is consistent with
previous reports.2,11,22 Recently a multi-centric evaluation of the
role of the LTM in the decision making in TLE surgery showed that
the convergence of MRI with long-term interictal and ictal EEG
ﬁndings correctly identiﬁed the candidates considered eligible for
surgery.22 We evaluated the usefulness of the LTM as a whole (i.e.
not analyzing separately the three main aspects scored in an LTM:
seizure semiology, interictal and ictal EEG). The 234 consecutive
LTM-sessions we included were rather heterogeneous: besides
patients referred for possible resective surgery, they also
comprised patients evaluated before implantation of VNS, patients
referred for diagnostic and classiﬁcation reasons, as well as
patients with certain sleep disorders. During the 2-year period that
we analyzed, the number of successful presurgical LTM-sessions in
our EMUwas 30 out of 55 referrals. From a statistical point of view,
this number does not allow the assessment of the individual
contribution of each diagnostic feature to the decision making.
We found fewer PNES patients (7%) than most of the previous
publications. This is because many PNES patients were diagnosed
already during the extensive pre-LTM work-up and they had not
been referred for LTM at all. In fact, during the extensive pre-LTM
work-up many of the ‘‘easy’’ cases were diagnosed, and thus they
did not need further admission to the EMU. Our patient selection
based on extensive pre-LTM work-up in fact decreased and not
increased the apparent usefulness of the LTM, because only the
‘‘difﬁcult’’ cases were admitted to the EMU.
One previous publication suggested that LTM is outstandingly
effective in the patient-group older than 60 years.8 However, the
authors did not compare the usefulness of LTM in the older
patients with the usefulness in other age groups. We found that
LTM is equally useful in the different age groups.
Fifty-three percent of our patients were referred for diagnosis
(epileptic versus non-epileptic seizure), 17% for seizure classiﬁca-
tion and 24% for presurgical evaluation. This is similar to what
other authors reported.5,11 We did not ﬁnd signiﬁcant difference
among the main referral groups concerning the diagnostic
usefulness of the LTM.
Patients referred for presurgical evaluation needed a signiﬁ-
cantly longer LTM. As the costs of LTM-sessions are proportional
with their duration, this should be taken into consideration when
planning the resources in an epilepsy monitoring unit.
5. Conclusions
LTM is a useful diagnostic tool even in a carefully selected
patient population, extensively investigated before the monitor-ing. LTM is equally useful in the main diagnostic groups and in the
age groups. Patients referred for presurgical evaluation require a
longer LTM-session.
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